For suction of water from a water supply vessel including both water and air under microgravity and g-jitter conditions, a water suction system using hydrophilic fibrous cloth was developed and its performance was evaluated at 0.01-0.02 g-realized for 20 s by parabolic flight in an aircraft. Vessels used for the experiment were glass flasks and had a suction port for suction filtration.
INTRODUCTION
A plant growth chamber for experiments under microgravity (Space Plant Box, SPB) has been fabricated by researchers in Japanese universities (Kitaya et al., in press ). The SPB is a controlled environmental chamber not only for short-term vegetative growth experiments but also for reproductive growth experiments such as long-term seed to seed experiments. Most water will be recycled by condensing water vapor transpired by higher plants in SPB (Tani et al., 1998) . However, a water supply system should also be included with the SPB because an increase in amount of water absorbed by plants could lead to a decrease in water content in root medium. The system has to operate under microgravity.
When water and air are present in a hydrophilic vessel under microgravity , water tends to spread along the inner surface of the vessel to increase its contact area (Imaishi, 1994a) , and a globular shaped air bubble appears in the center of the vessel. When the vessel is hydrophobic, on the other hand, water tends to leave the inner surface and form a globular shaped domain in the vessel.
Use of a hydrophilic vessel makes it possible to suck water from a suction port under zero gravity. However, in the orbit of the International Space Station (ISS), microgravity (10-5-10-4 g) conditions remain and vibration and crew activity often cause small accelerations (so-called g fitter), which might disturb zero-gravity experiments such as crystal formation (Imaishi, 1994b) . Water supply systems have to operate appropriately under these gravity conditions.
We developed a water suction system using hydrophilic fibrous cloth . The Teflon tube was connected to the exhaust port of the pump , and the opposite end was fixed in one of 10 polymer water absorbents (Cyamu Co . Ltd.). A different polymer absorbent was used for each parabolic flight. The absorbent absorbed water exhausted by the pump for 8 s under low gravity. Amount of water sucked up was determined by weighing the absorbent on the ground before and after the flight .
To observe water movement in the vessels, we videotaped the vessel using a CCD camera (EM 102, Elemo Co. Ltd.) fixed at a distance of 20 cm from the vessels. A very small amount of coloring material (Cut Color Red , Daiichi Engei Co. Ltd.) was added to the water to aid visualization. 3. Floating experiment during parabolic flights . When an object is floated in an aircraft during parabolic flight, acceleration exerted on the object decreases to 10_4 g (Kudo , 1994) . The acceleration of the gravity is referred to hereafter as microgravity . This gravitational field is similar to that in the ISS. In the experiment, vessels including both water and air were floated in the aircraft, and water movement in vessels was videotaped with a CCD camera (CCD-TR 11, Sony Co. Ltd.). The glass vessel A and cylindrical polycarbonate vessels (300 mL) were used for the experiment . The amount of water in vessel A was 30 mL. A piece of rayon cloth (3 X 8 cm) was glued to the inner surface of the polycarbonate vessels , and 50 or 200 mL of water was added to each vessel .
RESULTS
AND DISCUSSION Figure 3 shows the vessels videotaped under 1 g and low gravity . When gravity changed from 2 g to low gravity, water moved about 2 cm along the inner surface of vessel A containing 100 mL of colored water but no hydrophilic cloths , and a concave water surface appeared (Fig.  3b) . The pump could suck only water . In vessel B containing 220 mL of water but no hydrophilic cloths, the water did not move more than 5 mm along the inner surface and did not reach the suction port under low gravity (Fig . 3d) . The inhibition of upward water movement along the inner surface was thought to have been due to the low gravity during parabolic flight. In vessel B where a piece of hydrophilic rayon cloth was placed along the inside and the end was fixed to the suction port , water gathered onto the cloth surface, moved up along the cloth and reached the suction port under low gravity (Fig . 3f) . Then, the pump sucked both water and air. Water also moved up and reached the suction port even in vessel B containing a very small amount (30 mL) of water (Fig . 3h) . With a piece of hydrophilic glass cloth, water also moved up along the inner surface and could be sucked up by the pump (Fig. 3j) . Figure 4 shows the amount of water sucked by a roller pump . The amount of water sucked in the first parabolic flight was less than those in the other parabolic flights because of the lack of water in the tube between the pump and suction port . The amount of water sucked from vessel A containing 100 mL of water and no cloth , where the port was below the water surface, was about 5.8 mL per parabolic flight (control) . The amount of water sucked from vessel B containing 220 mL of water and rayon cloth , where the suction port was above the water surface, was 85% of control . Air was also sucked from the vessel by the pump, which resulted in a decrease in amount of sucked water . Use of the glass cloth decreased the amount of water and increased that of air sucked from vessel B because the lower sectional area of the cloth decreased water transport efficiency . Only a small amount of water could be sucked from vessel B containing 30 mL of water and rayon cloth . Thus, it was possible to suck water from vessels under low gravity conditions using hydrophilic fibrous cloth. Hydrophilic fibrous cloth was effective for gathering and transporting water under low gravity conditions . Figure 5b , d, f and h show pictures of water in the vessels floated in the aircraft during parabolic flight (microgravity). The water was spread widely along the inner surfaces of both the polycarbonate vessel and glass vessel A and a globular shaped air bubble appeared in the center of the vessels. However, water distribution was not uniform, and was especially likely to gather in the corners of the vessels (Fig. 5d, f) . This was because of a greater capillary action and increased adhesional force of water at the corners (Marui et al., 1995) . Nagaoka et al. (1994) made a port at an acute angle to inject liquid into a diamond-shaped cell culture chamber and successfully injected liquid without air under low gravity. On the other hand, in the vessels with a piece of hydrophilic rayon cloth glued to the inner surface water always gathered and formed a film on the cloth under microgravity (Fig. 5h) . This might have been because wettability of the cloth was greater than that of vessel material, which resulted in a smaller interface tension between the cloth and water (Ono, 1997) . Furukawa et al. (1991) used a liquid vessel to separate liquid and air, in which hydrophilic and tapered core plates made from copper were arranged in parallel. This shape of vessel could reorient water by capillary action and/or the surface tension under microgravity. Their and our results suggested that the appropriate arrangement of more hydrophilic materials in liquid vessels would enable us to reorient and gather water under microgravity.
Results of water suction experiment

Results of floating experiment
3. Advantage of the water suction system using hydrophilic fibrous cloth Flexible tanks capable of expansion and contraction are widely used as water supply tanks under conditions of microgravity (Furukawa et al., 1992; Bingham et al., 1996) . Water is separated from air with various kinds of liquid/air separators (Yoda et al., 1992; Hoehn et al., 1997) and then accumulated in these tanks. However, addition of liquid/air separators to the water supply system is not desirable in terms of space and power usage.
In this experiment, it was possible to suck water from non-flexible vessels using hydrophilic fibrous cloth. When fluid consisting of both water and air was sent to the vessel, water seemed to gather onto cloth that was more hydrophilic than the material of the vessel and could be naturally separated from air (Suzuki et al., 1997) . In our system, the air pressure in the vessel could be kept almost constant because air sent by the pump was released through the fluorocarbon filter. It is not necessary to remove the air from the fluid exhausted to root medium by the pump because plant roots need oxygen. The water supply system using hydrophilic fibrous cloth, as well as the vessel developed by Furukawa et al. (1991) described previously, are available for plant growth chambers under microgravity such as the SPB.
CONCLUDING REMARKS
Our experimental results suggested that it was possible to gather water into and suck water from the suction port of the glass vessels using hydrophilic fibrous cloth under gravity of 0 .01-0.02 g. The water suction system using hydrophilic fibrous cloth seems to operate well under microgravity as well as low gravity because water spread over the cloth glued onto the inner surface of the vessels. These findings indicated that this water suction system can suck up water under fluctuating gravitational conditions or g fitter. The pump used to send water to the root medium cannot always suck water only. However, it is not necessary to separate water from air because both liquid and air phases exist in root medium.
